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SYSTEMS AND METHODS FOR TREATING PATIENTS WITH C!OLLAGEN-RICH 
MATERIAL EXTRACTED FROM ADIPOSE TISSUE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Application Number 60/342,910, 
entitled EXTRACTION. STORAGE. AND APPLICATION OF ADIPOSE TISSUE-DERIVED 
OOLLAGEN-OONTA^nNG MATERIAL, filed Deoonber 20, 2001. the entire contents of 
which areli^eby incoiporatedby reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention gently relates to qonnective tissue matmal derived fix>m adipose tissue, 
end mote particulariy. to adipo-derived coilagen-rich matoial, methods of using adipo-derived 
coUagen-ridi material, compositions containing adipo-derived collagen-rich material, and 
systrais for preparing and using adipo^erived collagm-ridi material. 

2. peycyiption of Related Art 

GoUagm is one of the basic structural proteins of the human body (Beigeon 1967). It 
provides the core firamework of bone, connective soft tissues, and skin (Uitto 1971; Liu. Yaiag et 
al. 1995). CoUagm is increasingly used in medical devices, especially in the area of soft tissue 
rqpair end augmentation (Kamer and Oiunikian 1984; Kldn 2001; Sclafiuii and Romo 2001). 
This includes use in hemostatic sponges (Puma and Babu 2(K)0). in dmg delivery, as a matrix for 
cell-based products (Silver and Pins 1992; Sdi^ericfa and Beretz 2000). skin repair, vocal cord 
tepdk (Ford. Staskowski et al. 1995; Remade. Lawson et al. 1999). ophthalmic application 
(Hamel. Shaarawy et al. 2001). and in soft tissue augmentation (wrinkle filler or ottier support 
functions) (Kamer and CSiurukian 19S4). The majority of collagen used for such applications 
has traditionally been of bovine origin (Aragona, DTJrso et al. 1998) although more recently 
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recombinant collagen is being developed (Bulleid, John et al. 2000; Myllyharju 2000). Both 
these souroM have potential problems; with collagen of bovine origin fliese are largely flie 
presence of adventitious agents (Aragpna, DUrso et al. 1998) and induction of an immune 
response while recombinant oollagen remains an unpiovea oitity. 

Native human oollagm and oollagoi-ridi material extracted fiom human skin (Sclafani, 
Romo et al. 2002) and fiiscia (Shore 2000; Buires 2001), have also been used in cosmetic 
fq>plications although these tissue sources are not readily amraiable to "real time" processing into 
a usable product at the patient's bedside and currrait ootnmercialization has been restricted to 
applicatioiis in whidi tissue torn one individual, aUnost always cadavaic, is pr^ared for 
injection into a redpient individual. Hiis approadi is subject to risks of introduction of 
adventitious organisms, for example hq>atitis viruses or fflV. The FDA literature oontams at 
least one case of product recall of a product for this reason (January 16, 2001 Allodom; LifeCell 
Inc.)-dted on FDA Website. 

This use of bovine or pordne collagen is, siibjeot to problons due to allergic rehouses 
(Boema- 1988; Mullins, Richards et al. 1996) and rapid immune system-mediatBd degradation of 
the implant (Aragona, DTJrso et al. 1998) resultiiig in limited durabiUty of response in cosmetic 
and therapeuUc applications (Groutz, Blaivas et al. 2000; Yokoyama, Yoshimura et d. 2001; 
Blodc, Cooper et al, 2003). 

These shortcomings could be ameliorated by use of an autologous (self-derived) product 
with the same properties as Kcaio^neic (derived fifom another q^es) or allog^cac (doived 
fiom another individual of Ihe same spedes) collagen. Some investigators have attonpted to use 
whole or fiagmented adipose tissue as a source of soft tissue fiUer material for many of the 
applications for which bovine collagen is commonly applied (Boering and Hufifetadt 1967; 
Asken 1990; Koufinan 1991; Coleman, Lawrence et al. 1993; Ctopaneda 1994; Haab, Zimmem 
et al. 1997; Hsiung, Woo et al. 2000; Coleman 2001; Lee, Knng et al. 2001). However in these 
applications there can be problems assodated with inflammatory and fibrotic responses to the 
implanted fiit which frequently necroses due to lack of vascularity and to the occasional opposite 
response where Ihe fet undergoes hypertrophy and a problem-causing overcorrection is observed 
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(Bartynski, Marion et al. 1990; Nguyen, Pasyk et al. 1990; Latoni. Mardudl et al. 2000; Mfller 
and Popp 2002). 

There ranains a need in tfie art for new methods and devices for processing adipose 
tissue to inexpensively and reliably provide high yields of coUagen-rich material that does not 
induce significant, if any, inflammatory and/or immune responses when administoed to patioits. 

SUMMARY OF THE INVENTION 

The present invention is directed to compositions, methods, and systems for using 
oollagenrridi material derived fiom adipose tissue that is placed directly into a nxipient along 
widi such additives necessary to promote, engmder, or support a therapeutic, structural, or 
cosmetic benefit The compositions may be obtained during the course of a single surgical 
procedure, and may be administoed to a patient immediately after adipose tissue is removed 
firam a patient, such as wilhm hours or days fi»m bemg w^&drawn ftcrai ft^ 

bk one embodimmt, adipose tissue processing occurs in a system that maintains a dosed, 
sterile fluid/tissue pafliway. This is adiieved by use of a pre-assonbled, linked set of doised, 
sterile containers and tubing allowing for transfer of tissue and fluid dements witiiin a closed 
pathway. This processiog set can be linked to a series of.processing reagents (e.g., sdine, 
drtergents, etc.) inserted into a device whidi can control flie addition of reagents, tranpcarature, 
and timing of processing thus relieving operators of flie need to manually manage the process. In 
a preferred embodiment the entire procedure fioom tissue extiaotibn through processing and 
placement into die recipient would aU be perfonmed in the same ftcility, indeed, even within the 
same room of die pati^t undo-going the procedure. 

In accordance with one aspect of the invention, raw adipose tissue is processed to 
substantially remove and the cellular components thereby obtaining a heterogeneous connective 
tissue matrix material that is ridi in coUagen that is suitable for placement within the body of a 
recipient The ooUagpn-ridi material may be placed into the redpient in combination with oeUs, 
tissue, tissue fiagmeots, or other stimulators of cell growth and/or differentiation. In a preferred 
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onbodimait, die matBiiai. wiA any of flie above mationed additives, is placed into flie person 
firom whom they woe obtained in flie oontekt of a sin^e operative procedure wifli flie intention 
of deriving a therapeutic, structural, or cosmetic benefit to the recipient 

In one wnbodimeot, a method of treating a patiait includes steps of: a) providing a tissue 
removal system; b) removing adipose tissue firom a patient using flie tissue rranoval system, tiie 
adipose tissue having a concentration of collagen-rich material; c) processing at least a part of 
flie adipose tissue to obtain a concentration of ooUagoi ottio: flian flie concraitration of coUagai 
of die adipose tissue before processing; and d) administering ttie coUagm-rich material to a 
patient wifliout rranoving flie opllagen-ridi material fi»m flie tissue removal system before being 
administered to the patienL 

A system in acoordanoe wifli flie invention hraein disclosed includes a) a tissue 
collection container ihdudii^ i) a tissue collecting inlet port stnictured to receive adipose tissue 
removed fiom a patient, and ii) a filter disposed wifliin flie container and being structured to 
retain adipose tissue removed firom a patient and to pass non-adipose tissue removed firom flie 
patient; b) a mixing container coupled to flie tissue collection container to receive collagen-rich 
material obtained from flie adipose tissue wifliout removal of ttie collagen-rich material fiom flie 
tissue removal system, and indtudinjg an additive port for flie adminisbBtion of at least one 
additive to mix wifli flie ooUagen-rich material contained flierein; and c) an ouflet shuchired to 
permit flie collagen-rich material in flie mixing oontaino: to be removed fiom flie tissue 
collection system for administration to a patient 

Any feature or combination of fisatures described heron are included wifliin flw scope of 
flie present invention provided ttiat ttie features included in any such combination are not 
mutuaUy inconsistent as will be appanmt firom ttie context, fliis specification, and flie knowledge 
of one of ordinary skill in flie art Additional advantages and aspects of flie present invention are 
apparoit in the following detailed description. 
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BRIEF DESCRIPTION OF THE DRAWINQS 

Fig. 1 depicts a tissue removal system for processing adipose tissue to extract oollagm- 
rich material bom the adipose tissue; and 

Fig. 2 depicts a processing device for automating the operation of a tissue removal 
system as illustrated in Fig. 1. 

DETAILED DES(WnON OF THE PRESE^m.Y PREFERRED ENffiODIM^ 

Refomoe will now be made in detail to the presendy preferred embodiments of the 
invention, examples of which are illustrated in the aooompanying drawings. Wherever possible, 
the same or siniflar reference numbers are used in flie drawings and ttie description to refer to die 
same or like parts. It diould be noted that tfie drawings are in simplified form and arc not to 
precise scale. In reference to the disdosqre herein, for purposes of oonvOTiaioe and clarity only, 
directional tams. suA as, top. bottom, lef^ ri^t, up. down, over, above, below, beneath, rear, 
and ftont, arc used with respect to the aooonqianying drawings. Such directional terms should 
not be construed to limit the scope of the invention in any manner. 

Although the disdosure hetdn rei^ to certain illustrated embodimmts, it is to be 
understood that tfiese embodiments are presmted by way of example and not by way of 
limitation. The intent of the foUowiiig detaUed description, although discussing exemplary 
embodiments, is to be construed to cover all modifications, altmiatives. and equivalents of the 
embodimaits as may fell withm Ae spirit and scope of ttie invoition as defined by the appended 
claims. The present invention may be practiced in conjunction wifli various cell or tissue 
separation tedmiques that arc oonveaitionally used in the art. and only so much of the commonly 
practiced process steps are included herein as are necessary to provide an underatanding of the 
present invention. 

The presmt invmtion is directed to a collagen-rich material present in adipose tissue, and 
systems and methods for administering ttie coUagen-rich material into a human or animal patient 
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The oollagm-ridi material of tiie adipose tissue may be used as a source of matoial for 
tfierapeutic and cosmetic ai>pUcatioiis. Among oflier diings. the material may be used for 
regenerative medicine, such as diseases tibat can be treated with regnoating cells in wWdi die 
ooUagoi-ricfa material acts as a substrate or scaffold for flie reg«ierating or newly ^nerating 
tissue or cell. Hie oollagea-nch material may be administoed to a patioit wiA a cdlular 
additive or additional stractural components such as artificial (plastic, metal or ofter compound) 
implants or supports, additional or oflier connective tissue, or Ac collagcn-rich material may be 
administered mixed together with other tissues, as discussed herein. The coUagen-rich material 
disclosed herein is preferably administered to a patient fit)m which the material was obtained. 

It has been found that adipose tissue is a rich source of collageai-rich matrix matedal. 
This finding may be due, at least in part, to ttie ease of removal of the major cellular componrait 
of appose tissue, die adqiocyte. Thus, in both human and animal studies, processed aoellular 
lipoaspirate (a type of coUagpn-rich material) is a non-water soluble collagen-rich connective 
tissue matrix material that comprises at least 2% and more typicaUy more than 5% of flie dry 
weight of die unprocessed adipose tissue. In odier words, when extracted unprocessed adipose 
tissue is dried, more dian approximately 5% of die weight of die dried tissue is typically 
coUageo-ridi connective tissue matrix material. 

As used herein, "adipose tissue" refers to a tissue containing multiple cell types including 
adipocytes, reticular cells, and microvascular cells. Adipose tissue includes stem cells and 
endodielial precursor cells. Accordingly, adipose tissue refers to fet including die connective 
tissue that stores die fiiL 

As used hodn, "unit of adipose tissue" refers to a discrete or measurable amount of 
adipose tissue. A uiiit of adipose tissue may be measured by determining die wei^t and/or 
volume of die unit In reference to tiie disclosure herein, a unit of adipose tissue may refer to die 
entire amount of adipose tissue removed from a patient, or an amount diat is less dian die entire 
amount of adipose tissue removed from a patient TTius, a unit of adipose tissue may be 
combined witii anoflier unit of adipose tissue to form a unit of adipose tissue diat has a weight or 
volume diat is die sum of die individual units. Similar definitions of a "unit" apply to terms such 
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as "collagen-rich material" and "processed aodlular Upoaspirate" in that llie unit is a discrete 
amount of tiiese materials. 

As used herein, "portion" refers to an amount of a material that is less than a whole. A 
minor portion refers to an amount that is less than 50%, and a major portion refers to an amount 
greater than 50%. Thus, a unit of adipose tissue fliat is less than the entire amount of adipose 
tissue removed fiom a patient is a portion of the rranoved adipose tissue. 

As used herein. "coUagen-rich material" refers to adipose tissue that has been processed 
using any means other than fte initial washing with sterile water to remove at least a portion of 
the non-coUagen component fiom the adipose tissue. In one aspect, ooUagen-rich material refers 
to adip^ tissue dwt has been processed using any means other than the initial washing with 
sterile water to remove at least a portion of the ceUular component fiom the connective adipose 
tissue. 

As used herein, "processed aoeUiilar Upoaspirate" refers to adipose tissue that has been 
processed using any means, other ttian the initial washing with sterile water, to remove all or 
substantiaUy all of the oelluhff component (i.e.. cells and cell fiagments) from the adipose tissue. 
The processed acellular lipoaspimte can comprise water-insohible protein, proteoglycan and 
other connective tissue dements (in pellet or lesuspended firnn) obtained by washing and 
separating the connective tissue fiom the adipose tissue. A pdlct of processed lipoaspimte may 
be obtained by ocnlrifiiging a suj^iension of oollagen^di material so that ttie material aggregates 
at the bottom of a centrifuge container. Ihe processed aceUular lipoaspimte may be fiafter 
purified and extracted to yield a product which is spedficaUy enriched fi>r one or rhorc of the 
elements of the processed acellular Upoaspirate (e.g., oollagpn). Similarly, the processed 
aoeUular Upoaspirate may be admixed with oAer fectors, modified by chemical reaction to afiBx 
or remove diemical moieties to alter the solubility or other physical or physiologic properties of 
die processed acellular lipoaspiiate, or components thoeoC 



In practicing the methods disclosed herein, the material that is administered to a patient is 
obtained fitmi adipose tissue. Adipose tissue can be obtained by any method known to persons 
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skilled in ttie art For example, adipose tissue may be ronoved from a patient by suction-assisted 
lipoplasty, ultrasound-assisted lipoplasty, and cxcisional lipectomy. In addition, die procedures 
may include a combination of such procedures, such as a combination of eiecisional lipectomy 
and suction-assisted lipoplasty. As the tissue or some fraction thereof is intended for 
fcimplantation into a p^ent, ttie adipose tissue should be collected in a manner that preserves 
the integrity of the viabili^ of the connedive tissue oomponrait and diat niininuzes the likelihood 
of contamination of tfie tissue with potmtially infectious organisms, such as bactraia and/or 
viruses. Thus, flie tissue extraction diould be performed in a sterile or asq)tic naanner to 
minimize oontamiiiation. Suction assisted lipoplasty may be desirable to remove flie adipose 
tissue from a patimt as it provides a minimally invasive metfiod of collecting tissue witii 
minimal potential for connective tissue damage that may be associated with other techniques, 
sudi as ultrasound asinsted lipoplasty. 

For suction-assisted lipoplastic procedures, adipose tissuie is collected by insotion of a 
cannula into or near an adipose tissue dqiot pr»ent in 4e patient followed by aspiration of flie 
adipose into a suction device. In one embodiment, a small cannula may be coupled to a syringe, 
and flie adipose tissue may be aspiratied using manual force. Using a syringe or oflier similar 
device may be deniable to lonove vdatively moderate amounts of adipose tissue (e.g., from 0. 1 
ml to several hundred milliUters of adipose tissue) from a patient Procedures employing fliese 
relatively small devices have flie advantage fliat flie procedures can he performed witti only local 
anesthesia,, as opposed to general anesfliesia. Larger volumes of adipose tissue above fliis range 
(e.g., greater tiian sevraal hundred milUlitos) may require general anesthesia at flie discretion of 
die donor and flie person performing flie collection procedure. When larger volumes of adipose 
tissue are desired to be removed, relatively larger cannulas and automated suction devices may 
be employed in flie procedure. 

Bxcisional lipectomy procedures include, and are not limited to, procedures in whidi 
adipose tissue^ntaining tissues (e.g., skin) is removed as an incidmtal part of tiie procedure; 
tfiatis, where flie primary purpose of flie surgery is flie removal of tissue (e.g., skin in bariatric or 
cosmetic surgery) and in which adipose tissue is removed along wifli flie tissue of primary 
interest 
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The adipose tissue that is removed bom a patient is ooUected into a device for finther 
processing. As discussed herein, and in one embodiment, the device is designed for and 
dedicated to the purpose of collecting tissue for manufecture of a processed adipose tissue 
connective tissue component, which includes coUagen. In other embodiments, the device may be 
any conventional device that is typicaUy used for tissue collection by physicians perforaung the 
extraction procedure. Advantageously, the components of ttie device may be provided as single- 
use components so that the device is disposable, or in other words, is not capable of bang reused 
for additional procedures on other patients. A disposable device in accordance with an aspect of 
the invention herein disdosod can obviate a requirement for repeated sterilization of components 
whichmaybeassociatedwilhexistii«devices,andcanieduoeapotentialofoontM^ In 
addition, tiie steriKty and/or reliability of the device of the invention can be easier to maintain 
compared to other devices, due. at least in part, to a relatively small number of components 
associated with the device of the invention. As another result of flierelativdyianall number of 
components. aU or substantially all of whidi may be disposable, a cost, assembly tiifte. weight 
and/or physical size of the device can be relatively smaU; while, on the oflier hand, a poitabiUty 
and/or reliability of the device can be relatively high. A device in accordance with the invention 
processes the adipose tissue to obtam one or more units of ooUagen-rich material by sohibiUzing 
specific components of the adipose tissue to permit the solubUized components to be separated 
fiom the non-soluble components. Hiis soliAilizing of the various components, audi as the 
ceUular and lipid components, of the extracted adipose tissue can provide a relatively large yield 
ofcoUagKL 

The amount of tissue coUected wiU be dependent on a number of variables induding. but 
not limited to. the body mass index of the donor, the avaflabiUly of accessible adipose tissue 
harvest sites, concomitant and preexisting medications and conditions (sudi as anticoagulant 
therapy), and the dinical purpose for wWdi the tissue is being collected. Experience with bovine 
collagen suggests that typical implants intended for cosmetic purposes provide approximatdy 
30mg of ooUagen per milliliter of implant with the typical procedure involving two to tiiree 
milliUtBis of material for a total implant mass of 90mg. fo certain embodiments of the invention. 
consideiAly larger harvests arc performed sudi that the patient can recdve one injedion at the 
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time of harvest with residual material being stored for later application as required or desired. 
SimUarly there will be patients where smaller volume harvests Oess than one miUUiter but more 
than 0.1 milliUter may be applied where a smaUer amount of collagen is required or where a 
greater yield of coUagoi may be adiieved. 

Patients undergoing treatment in aocoidanoe with the disclosure herein can receive a 
different concentration of ooUagen-ridi material than other treatments employing unprocessed 
adipose tissue autologous fet grafting (Coleman 2001) Thus, in accordance with an aspect of the 
invention, the adipose tissue that is removed fiom a patient can be processed to remove all, 
substantially aU, a majority, or a portion of flie ceUular components and thereby change the 
amount or concentration of collagen that is administered to the patient In one embodiment, the 
adipose tissue is processed so fliat the coUagen-ridi material comprises less than about 4% oeUs 
and cell fiagments. More preferably. 4b oollagrai-rich material is substantially free of cells and 
cell fragments. In an additional erabocKment, the oollagen-ridi material oontams less than 
approximately 0.1% of cells and cell fragments that were briginaUy present in the tissue. This 
has the fijrther advantage of attenuating or dimmating any negative consequences of the 
presence of tfie celluhir components (necrosis and hypertrophy, among oflier tilings) (Bartynski, 
Marion etal. 1990; Latoni, Marshall ct all 2000; Miller and Popp 2002). Indeed, ttie presence of 
cells and cell fragments in coUagen materiab may undesirably cause local inflammatory 
responses arid/or mmiune responses. By practicing tfie methods disclosed herein, tiie likelihood 
of inflammation and/or immime responses resulting from the adminislration of tfie coUagen-rich 
materialtoapatientcanadvantageouslybensduced. In ohe particular embodmient,tiie collagen- 
rich material comprises a penjentage of reticular ceUular components, relative to a total amount 
of cellular components in the coUagen-ridi material, fliat is less ttian or equal to a percentage of 
reticular cellular components in flie removed adipose tissue, rdative to a total amount of oeUular 
components present in the removed adipose tissue 

In one embodiment of tiie invention, patients receive a higher concentration of coUagen 
than flie concentration of collagen which may typically be present in adipose tissue transplants. 
This may be due, at least in part, to ttie types and configurations of tissue coUection containers 
used in flie devices and systems of flie present inventioa A composition of ttie invention can 
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include a concentration of coUagen that is greater tban the concentration of coUagea found in an 
equivalent unit of non-processed adipose tissue, til certain embodiments, the composition has a 
collagen component in which at least 60% of the material (by dry weight) is collagen. Higher 
concentrations of collagen, such as up to 100%, are also included in other oonqwsitions. Hie 
collagen-containing composition may be adininistered wifli additional components, not originaUy 
present in the adipose tissue extracted fiom die patient, such as cells. ceU diffoentiation fectors. 
growdi promoters, immunosiqppressive agents, or medical devices, as discussed herein. To 
obtain certain compositions in which the composition primarily contains coUagen. any suitable 
mediod for separating the diflfeient protein types present in the ooUagen-rich material (e.g., the 
piocessed-acellular lipoaspirate) may be employedi such as the use of diffisrential solubility in 
high salt, or non-aqueous conditions or combinations thereof (Davis and Mackle 1981; Ooi, Lacy 
etal. 1991). 

Preparation of the collagen-rich material will require depletion of the mature fet-laden 
adipocyte component of adipose tissue. In addition, tte coUagra-rich material preferably 
requires tfie depletion of the reticular odl odinponent of adipose tissue. This is typically 
ac^eved by a series of washing and solubilization steps in which the tissue is first rinsed to 
reduce the presence of fiee Upids (released fiom ruptured adipocytes) and peripheral blood 
elements (rdeased fiom blood vessels severed during tissue harvest), and then the ceUular 
components are solidiilized by use of hypotonic lysis and/or detergents or high salt washes. 

Rinsuig is an optional, but prefiared. sti^ in which the tissue is mixed with solutions to 
wadi off fiee Bpid and sin^e cell components, such as those components in blood, leaving 
behind intact adipose tissue fiagments. In one embodiment, the adipose tissue fliat is removed 
fiom the patient is mixed with water, isotonic saline or other physiologic solutions) (e.g.. 
Plasmalyte®, of Baxtw Inc or Noiniosol ® of Abbott Labs). Intact adipose tissue fragments can 
be separated fiom the fiee lipid and cells by any means known to persons skiUed in the art 
including, but not limited to, filtration, decantation, sedimentation, or oentrifiigation techniques. 
In the iUustrated embodiment of ttie invention, tiie adipose tissue is separated firom non-adipose 
tissue by employing a filter disposed vrithin a tissue collection container, as discussed herein. In 
other embodiments, the adipose tissue is separated fiom non-adipose tissue using a tissue 
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collection container that utilizes decantation, sedimraitation, and/or oeatrifugatioii techniques to 
separate the materials. 

The intact tissue fiagments are then solubilized using convoitional techniques or 
methods, including hypotonic lysis, high salt extractioiu use of deterg^ts, sudi as Tween 20, 
Triton X-iOO, or sodium dodecyl sul&te (SDS), oiganic solvents, enzymatic digestion with 
sin^e or oombinatorial protelolytic enzymes, isuch as oollag^iase, trypsin, lipase, liberase HI, as 
disclosed in U-S. Patent Number 5.952,215, and pepsin, b modified embodimmts, which may 
be. for example, more expensive, only partially disposable and/or implemented in a non-closed 
systm, the tnta<^ tissue fiagments can be solubilized using mindqg or shear forces alone or in 
combination with one or more of die abov^-mentioned conventional tedmiques and mediods. 

For exan^le, as an overview of a method of die invention, tibe cellular component of die 
inttict tissue fragments may be solubilized by mixing adipose tissue with sterile water (hypotonic 
lysis), followed by washing wifli a dilute detergent solution (e.g., 0.1% tweeh 20), followed by 
wadiing with wato^ to remove substantially all of ttie deteigat. Residual free lipid may ftiieri be 
removed by mixing the matmal widi an organic solvent such as ethanol or acetone. The 
material is then prepared by rranovihg die organic solvent and prqiarii^ ttie collagen-ricfa 
precipitate (processed acellular lipoaspirate) into a form Aat can be injected into the patient The 
amount and oonooitration of flie collagen to be administered to a pisitient is controlled in by 
adjusting die amount of tissue tiiat is processed, by adjusting die volume in whidi ttie collagen- 
rich material is resuspended following the final wash, and/or by adjusting the amount of material 
that is deUvered to die patient For example, and not by way of limitadon, in a setting in wfaidi a 
particulariy high concentration of collagen is desired, a larger amount of tissue could be 
processed (for example > SOml) and, following processing the collagen-rich material, 
approximately Ig of the oollagen-ridi material can be resuspended in a smaller dian usual 
volume (for example Iml) yielding a very high collagen concentration (approx. Ig/ml). This 
may be prafomied by fragmaiting die collagen-ridi material fibrils (i.e., the processed aceUular 
lipoaq>irate) by mechanisms including, but not limited to, shear force (eg., repeated forced 
passage diroui^ small lumen padiways), homogmization by rapidly spinning blades, or 
sonication. In addition, the collagen-rich matmal may be resuspended in saline to provide a 
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suspension of oollagea-rich material. Tlius. the collagen rich material is ndther dried nor 
preseived. 

In a preferred embodiment, the processing steps are perforaied in a single-use disposable 
device comprised of a set of containers with inlet and outlet ports allowing closed system 
addition and removal of material from the system. This approach can eliminate the risk of cross- 
contammation of one spedmen with material fiom another and can reduce the risk of accidental 
introduction of agents such as bacterial, fungal, or viral pathogens fix»m the environment in 
which the tissue is processed: An ocample of a system of this nature is shown in Figure I, as 
discussed in more detail hereinbdow. In anotfier embodiment processii^ is perforaied in a 
device in which the various steps of processing are managed and potentially automated. An 
example of such a device is shown in Figure 2, as discussed in more detaU hereinbelow. 

Further purification of the oollagpn-ridi material may be achieved by solubilization of 
non-collagen components using high salt bujBfers, low pH, enzymatic digestion using pepsin, 
trypsin, papain, or other proteolytic enzymes. Examples of sudi approaches are described in 
(Davis and Mackle 1981; Speranza and Valentuii 1986; Takasaki, Fujiwara et al. 1995). and U.S. 
Patents Numbers 5,436,135. 4,969.912. ami 4.597,762. In an exemplary embodiment, the tissue 
collection container may be a flexftlc bag that is structured to be placed in a device aUowing 
agitation during the mixiAg steps of tissue processing (e.g.,man^^ toother 
embodiments, a flacfcle bag is not used. Afler solubilization of the cellular component, ttie 
aoeMarcomponentformsapdletornuissbyiemDvingdiesolubilizedodluhuroomponenL The 

mass may then be resuspended with one or more additiomd fluids that solubilize various 
components of tt»e substantially aoellular material. The solubilization fluids may be provided by 
any suitable means. For example, a fluid may be injected into a port on the tissue ooUection 
container. 

In one exempUiry embodiment, between I and 50 milUliters of adipose tissue is washed 
with 50^0 ml sterile buflfered isotonic saline and mixed with 100-600 ml of sterile distiUed 
water for 20 minutes at room temperahire. The water is then removed by allowing the insoluble 
component of the collagen-rich material to settte, and directing the soluble component in the 
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water (e.g., the materials ooatained in the liquid phase of the mixture) from the container, for 
example, by pressing the container to force the soluble component out, or by wiflubawing the 
soluble component with an aspiration device, such as a syringe. The insoluble component in (he 
container may then be mixed with 100-600 ml of 2.0% Triton X-100 detergent (Sigma Chemical 
Company, St Louis, MO). Tissue is mixed at room temperature (approximately 20°C) for 20 
minutes. The detergent wash maybe repeated as an optional step or steps. Tlie detergent washes 
enhance the solubUization of the cellular components of the collagen-rich material. TTie soluble 
component and detpigent mixture may then be removed using a similar me&od to the removal of 
the water. The material may then be rinsed twice with lOO^OO ml of sterile distilled water to 
remove residual detergent, which is removed from the container as described above. Hie 
processed tissue is then rinsed wifli 100% e«umol to remove residual free Upid. The majority of 
the solubUized Upid and eflumol may be removed from the contamer, as described above, and 
residual elfaanol may be removed by evaporation, such as by gently warming the tissue and 
edianol mixture, the ooUagen-rich material (processed aoeUuhr Upoaspirate) is then 
lesuspended in ealine and withdrawn into a syringe throu^ an 18G needle. Fluid may need to 
be repeatedly passed through ttie needle in order to break up flie ooUagen-ricfa material into 
particles small enough to pass throu^ flie 180 needle. The 18G needle may be replaced by a 
smaUer gauge needle to allow futflwr fiagmentalioii of the processed-aoellular Upoaspirate. In a 
preferred embodiment the size of the needle is serially reduced by replacing the Uirgsr needle 
with a smaUer needle and repeating the procedure to the point where the processed acdlular 
lipoaspiiatB flows fredy fluough a needle of suffidenfly small gauge to allow easy injection into 
sensitive locations sudi as ttie feoe. In ottier embodiments, flie processed aoellular Upoaspirate 
may be homogenized using oAer devices sudi as sonicators that help to break up die 
components of flie processed acdlular Upoaspirate. 

Fragmentation of the collagen by use of shear force in a closed system may be achieved 
by repeatedly wiflidrawing and reinserting the material into and out of the contamer throu^ a 
syringe with an 180 needle, for example, by inserting the needle of a syringe into Oie container 
containing the coUagen-rich material, and wiflidrawing the material into Ae syringe, and 
expdUng the material from the syringe while keeping the needle in the container. Once the 
material flows fiedy through Ae 1 8G needle the syringe is withdrawn and replaced with another 
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bearing a smaller gauge needle and flie process of witfidrawiiig and re-insofting ttie material is 
tqjeated. This process is rqieated widi increasingly small needles until the material flows fredy 
througli the needle gauge intonded for application. 

In an oconplary embodimait, one solubilization liquid contains Triton X-lOO detarjgent 
at concentrations from about 0. 1% to about 5% and is incubated with tissue at fiom about 1 8*^ 
to about SSX for from about 20 minutes to about 60 minutes. TTiese parameters will vary 
aoootding to the amount of tissue to be digested and the degrlBe of optional jwe-washing witti 
saline and/or distilled water, optimized by empirical studies, in order to vaUdate fliat Ihe system 
is ^Eective at extracting die desired matrix material in an appropriate time frame. A particular 
prefeired oonoentiation, time and tianperature is 2% Triton X-lOO incubated for 45 minutes, at 
abcnit 37" C. Alternate detergents sudi as Tween 20 and sodium dodeqrl sul&te may also be 
qiplied. 

Following sohibilization of odlular components tiie ooUagoi-ridi material may be 
wadied/rinsed to remove leadual detergent and/or by-products of the solubilization process (e.g., 
solubilized oefl compbnenbj and newly-released free Upid). The ooUagen-rich material may also 
be wadied with an (mganic solvoit sudi as ^lanol or acetone to ranove rendual free lipid. It 
could tii«i be concentrated by oentrifugation or other methods known to penons skilled in the 
art, as discussed above. These post-processing wadi/conoentration stqps may be applied 
sqiarately or simultaneously. 

In additi(m to tiie fin^iqg, Awe are many post-wash methods that may be applied fi>r 
further purifying ti»e oollagen-rioh material. These include hig^ salt washes, use of proteolytic 
enzymes that spare ooUagoi, diemical modification of tiie material to modify tiie physical or 
physiologic properties of the material, or combinations tiiereof. 

In one embodiment a combination of phenol, acetic add, and water could be added to and 
mixed with the processed aoellular lipoaspirate allowing for solubilization of nonrcollagen 
oomponmts contained in flie processed acellular lipoa^irate (Davis and Mackle 1981). 
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In an alternate embodiment, the processed aodlular Upoaspitate oould be digested with 
proteolytic enzymes with limited abiUty to digest intact collagen (e.g., papain, pqwin. trypsin, 
etc.). 

The final step of processing includes formulation of ttie collagen-rich material such that it 
is fragmented into paitides smaU enough to be passed or administered through smaU gauge 
needles. This step is needed for applications in whidi the material wiU be implanted into body 
areas that are particularly sensitive such as the lips arid nasio-labial folds. This can be achieved 
by mechanisms such as shear force (e,g., passage through small lumen apertures) or sonication. 
fa a modified embodfanent, which may be, for emmqile, more expensive, only partially 
disposable and/or implemented in a non-dosed system, the intact tissue fragments can be 
fragmented using rapidly spinning blades (diopping). Alternatively the coUageri may be 
modified by esterification or treatment wifli dUute add to increase solubiUty such that soluble 
ooUagm may be ^^lied. 

bi certain embodiments, (he ooUngen-ridi material is administered directty into the 
patient fa other words, the material is administered to the patient without bemg removed firom 
the system or exposed to the external environment of flie system before being administered to the 
patient. Providing a closed system reduces the possibility of contamination of fhe material being 
administered to the patient Thus, prooessmg the adipose tissue m a closed system provides 
advantages over existing mefliods because the oolUigen-rich material is more likdy to be sterile, 
fa such an embodiment, the only time the material is exposed to the external environment, or 
removed from the system, is when the material is beir»g wiflidrawn into an application device and 
bdng administered to flie patient fa one embodiment, the application device can also be part of 
the closed system.. 

The material that has been concentrated, as described above, may be administered to a 
patient without further processing, or may be administered to a patient after being muted with 
other tissues or cells. For example, the other tissue may comprise one or more units of 
lipoaspirate, collagen rich material or processed aodlular lipoaspirate. 
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In Other anbodiments, at least a portion of flie matoial is stored for later 
implantationAnfusion. The processed aoellular Upoaspirate may be divided into more ttian one 
aliquot or unit sudi that part of the material is retained for later application while part is applied 
immediately to flie patient Modwate to long-term storage of all or part of the material in a bank 
is also wifliin flie scope of ttiis invoition, as disclosed in U.S. Patent Application Number 
10/242,094, entiUed PRESERVATION OF NON EMBRYONIC CELLS FROM NON 
HEMATOPOIETIC TISSUES, filed September 12, 2002, which claims the benefit of U.S. 
Provisional Patent AppUcation 60/322,070 filed September 14, 2001, which is commonly 
asaygned, and flie contents of wfaidi are opressly incorporated herein by refoence. 

At flie Old of processing, tfie material may be loaded into a delivoy device, such as a 
syringe, for placemeot into flie iedpioit by eiflier stdicutaneous, intramuscular, intrq^toneal, 
or periurefliral techniques, In oflier words, odls may be placed into flie patient by any means 
known to persons of ordinary skill in flie art, for example, fliey may be injected into tissue (e.g., 
skdetal muscle), into flie domis (subcutaneous, fodol implications), into tissue space (e.g., yocal 
fold), or into tissues (e.g.. periurcttiial emplaconent), or ofliw location. Preferred anbodiments 
indude pboemoit by needle or caflieto^, or by direct surgical implantation in associatidn wifli 
additives sudi as a preformed inatrix. 

The material may be appUed alone or in combination wifli odls. tissue^ tissue fiagments. 
demineralized bone, growfli fiictors sudi as insulin or drugs sudi as members of flie fliiaglitazone 
family, biolo^cally active or inol compounds, cesoibable plastic scaffolds^ or oflior additive 
intended to enhance flie ddivenr. efiBcacy. tolerability, or fonotion of flie population. The 
material may also be modified by diemical means in sudi a way as to change, enhance, or 
supplement flie fanction of flie material for derivation of a cosmetic, structural, or flierapeutic 
purpose. For example, esterification and cross linking may be applied to modify flie solubiUty 
properties and/or flie post-implantation stability of flie material, as disclosed in U.S. Patent 
Number 4,597,762. 
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In one aspect, die material could be fonned into dnee dimotisional siniobires for guided 
bone regoieration (Schwaitzmann 2000) or to aeate a scaffold for three dimensional tissue 
engineering (Schoberich and Beretz 2000). 

Tbe mat^al may also be administered to a patioit for cosmic purposes, such as by 
enhancing or improving physical features, inchidii^ ledudng wrinkles, oihancing ot;^ mass, 
and the like. 

A particular embodimeDt of componoits of tissue removal system is illustrated in Figs. I 
and 2. A device 10 for separating ooll^g^-ridi material from adipose tissue is illustrated in Fig. 
I. Device 10 indudw a plurality of fluid containers 12A. 12B, 12C, and 12D connected to a 
tissue collection oonlainer 16 by way of tubing 14. Device 10 is iUustmted as having four 
containers 12A, 12B, I2C, and 12D; however, more or fewer fluid oontainos may be provided 
depending on the number of reagents (hat are needed for solubilization and separation of the 
ooU^n-ridi material flwm die eKtracted adipose tissue, in one mbodiment, containos 12A, 
12B, 12C, and 12I> are flexible bags, and in odier embodinrants, containers 12A, 12B. 12C, and 
12D are rigid containers. Conlainere 12A, 12B. I2C, and 12D include at least one iqierture 13A. 
I3B, 13C, and 13D. respectivdy. for the addition and removal of a reagent Containers 12A, 
I2B, 12C, and 12D having only one aperture will Really be filled witii a reagent by ddiv^g 
die reagent into containers 12A, I2B, 12C. and 120 dirou£^ aperhires 13A. 13B, 13C, and 13D, 
respectivdy. 

After eadi of die oontainere 12A. 12B. 12C, and 12D receives a sufiBdent volume of a 
reagent, each of die apertures 13A, 13B. 13C, and 13D is oonnecled to hdrfng 14 to permit die 
reagent to be delivered to tissue collection container 16. In die illustrated onbodimait. 
containers 12A. I2B, 12C, and 12D have a plurality of apratures 13A, ISA, I3B, 15B. 13C, ISC. 
13D. I5D. respectivdy. Apertures 13A, 13B. 13C, and 13D are Ulustrated as connected to 
tubing 14, and apertures ISA I5B, I SC. and 15D are provided to permit addition of one or more 
reagents into containers 12A, 12B, 12C. and 12D. For example, each of the apertures ISA, ISB, 
15C. and 15D may include a resealable membrane diat permits a needle to be inserted 
dioedirou^ to access die interior of a corresponding one of die containers 12A, I2B, 12C, and 
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12D, lespectivdy. Needles maybe used to add one or more leagents, as indicated above, or may 
be used to remove Huid fiom oonlainere 12A, 12B, 12C and I2D. Tubing 14 is preferably 
closed sterile tubing, or in other words, tubing 14 is not open to the eKtemal environment of 
device 10, and therefore provides a closed conduit from fluid oontainere 12A, 12B, 12C, and 
12D to tissue collection container 16. Ttibing 14 may be made of any inaterial that can be 
provided sterilized, and preferably is a flenile tubing having a lumen size that can be controlled 
by one or more valves acting on the tubing, as discussed herein. In one embddiment, tubing and 
containers 12. 14 and 16 are made of polyethylene tubing. In one embodiment, taibing 14 would 
have a lumen diameter of greater than 2mm, and preferably greater than Smm. Ihese containers 
may have a volume of between approximately 200 ml to IL. Such a system woiild have the 
ability to process op to 200ml of adipose tissue and yield several grams of collagen-ridi material. 

Tissue oolleCtioh oohtaino: 16 includes one or more ports, sudi as ports 18 and 20 which 
are structured to provide access to the interior of tissue collectioh container 16. Tissue collection 
container 16 is a tissue coUection container provided to collect and retain adipose tissue extracted 
fiom a patient. More particulariy, tissue collection container 16 includes a port 18 that is 
dimensioned to be coupled to an aspiration device for aspirating adipose tissue. Port 18 is 
suffidenUy large to pennit relatively targe units of adipose tissue to pass into tissue collection 
pontamer 16. Tissue collection container 16 iUustrated in Fig. I also includes a second port 20 
provided for addition of one or more fluids to the interior of tissue coUection container 16. In 
addition, or altemMively, second port 20 may also be used to remove material(8) contained 
witiiin tissue coUection container 16. As discussed herein, tissue coUection container 16 
preferably has a compressfcle body, such as body 17, which permite die contents in tissue 
collection container 16 to be agitated, as discussed herein. In one embodiment, tissue collection 
container 16 is a flodbte bag made of a material ttmt can be provided sterilized. Tissue 
coUection container 16 also includes one or more apertures, such as aperture 19. to permit tiie 
reagente contained in containers 12 to be deUvered to tiie interior of tissue coUection container 
16. In tiie iUustrated embodiment, tissue coUection container 16 includes one aperture 19 tfiat is 
in communication wifliall fouroontainers I2A, 12B. l2C,and 12D vtatubing 14. 
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Device 10 also includes one or more components (flow oontrol devices) to control flie 
flow of reagents fiom containere 12A, 12B, I2C and 12D to tissue collection container 16. In 
the iUustrated embodiment, device 10 includes a plurality of valves 22 disposed in-line between 
containers 12A, 12B, 12C and 12D and tissue collection container 16. In otter words, one valve 
22 is provided on each of flie outflow lines of containers 12A, 12B, 12C and 12D. Hius, by 
actuating the valves 22 independently, a user can selectively control the addition of one or more 
reagents to tissue coUection cotJtainer 16. Valves 22 are preferably stroctured to prevent 
backflow of reagents into the other reagent containers when the valves of those containers are 
dosed. For example, when a reagent within oontainer 12A is being deUvered to tissue coUection 
container 16, the valve for oontainer 12A is in an open position, and the valves for containers 
12B, 12C and 12D may be in closed positions. Instead of, or in addition to, one or more clamps 
may be provided along tiflring 14 to selectively control the flow of reagents into tissue coUection 
oontainer 16. 

Hius, in the illustrated embodiment, device 10 is a device which is used to collect 
adipose tissue fiom a patient and which is not structured to be reused; or in other words, it is a 
single-use or disposable system. Aooordingly, each of the components, such as containers 12A, 
12B, 12C and 12D, tubing 14, and tissue coUection container 16 can be pre-sterilized and 
disposed of after use witii an individual patient 

In one specific embodiment of the invention, provided by way of ewunple and not by 
way of Umitation. one container 12A contains sterUe distiUed water, a second container 12B 
contains 2% Triton X-lOO (Sigma, St Louis, MO), a third oontainer 12C contains 100% alcohol, 
such as ethanol. and a fourth container 12D contains saline, sudi as 0.9% NaCl in water. In this 
embodiment, eadi of the containers is dimensioned to contain approximately IL of solution, or 
less. 

In use, the tissue coUection oontainer 16 of device 10 is coupled to an aspiration device 
for liposuction. Hie extracted adipose tissue fiom a patient is ddivered to tissue coUection 
oontainer 16, for example by way of port 18. As an optional step, the extracted tissue (which 
includes adipose tissue and non-adipose tissue) may be filtered and/or washed to remove free 
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lipids and pCTipheral blood, as discussed above. For example, a filter may be provided in tissue 
collection container 16. One example of a filter includes a pluraUty of pores, of eittier the same 
or different sizes, but ranging in size fiom about 20 (im to 5 mm. In a preferred embodiment, the 
filter is a medical grade polyester mesh of around 200 \un thickness with a pore size of around 
265 m and around 47% open area. The cellular component of the intact adipose tissue that is 
contained within tissue ooUection container 16 is extracted with sterile water provided by 
container I2A. The water is selectively delivered to tissue collection oontainw 16 by opening 
valve 22 on the tubing between container 12A and tissue coUection container 16. The water and 
intact adipose tissue is mixed for a sufficient amount of time to extract the ceUular component of 
the adipose tissue. This firet step wiU remove the majority, preferably more than 80% of the 
oeUular component of the adipose tfasue. Tissue collection container 16 is then compressed to 
displace the soluble component; ftee lipid (finom lysed fat cells), and water ftom the container. 
The water, lipid, and soluble component of dw adipose tissue may then be removed fiom the 
container by withdrawing the water widi the soluble component dirou^^ a port, such as port 20. 
Or, the water, lipid, and sohible component may be removed fiom flie container by expelling 
them back throu^ tiAing 14 into container 12A. Thus, tubing 14 provides a bidirectional fluid 
flow path between solubilizing Ucpiid containers 12A. 12B. 12C. and 12D, and tissue collection 
container 16. 

The precipitated material is flien resuspended with the solution containing Triton X-lOO 
fiom container 12B to provide additional solubUizktion of the ceUular component of die adipose 
tissue. This detergent wash step wiU reduce the residual odlular component preferably by at 
least an additional 80%. The resulting supernatant is similarly removed, as described above. 
The free Upid component (typically, less dian 1% of original Upid content of the adipose tissue) 
of the resulting precipitate is then soliAilized by mixing the ooUagen-rich material vwth alcohol 
contained in container 12C. The insoluble component is Aen sqwraled firom the soluble 
component, as described above, and any residual alcohol is allowed to evaporate. Lastly, the 
precipitated collagen-rich material is resuspended in isotonic saline provided by contamer I2D. 
A needle, or o&er similar withdrawing device, is then inserted into tissue coUection container 16. 
(ar example, by way of port 20, to remove the resuspended ooUagen-rich material. A typical 
coUagen yield will be on the order of 2-10% of the dry weight of d»e original tissue depending 
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largely on the Body Mass Inden of the donor (a more overwdght donor wfll have more fet per 
gram of tissue and therefore less collagen by a dihithre effect Hie collagett-iich material may 
then be administCTcd directiy to a patient, or may be fiirther processed to provide relatively finer 
suspensions of collagen-rich material. For example, the suspension of ooUagen rich material 
may be repeatedly passed through a series of different sized needles, or may be passed through 
filtere of varying pore size to break down the size of particles witfim the suspension. Rhetorical 
question: in the above, whidi steps are part of a true dosed system and which ones are not 
Non-rhetorical question: is diere any way to make this more of a closed system device? In an 
embodiment wherein aU solutions are pre-loaded in containers I2A-D. the only non-closed parts 
in the system are flie addition of the adipose tissue and the removal of the coUagen-rich material. 

In certain embodiments of the invention, one or more steps of processing the adipose 
tissue may be automated. For example, device 10 may be inserted into a processing system 40, 
such as that illustrated in Fig. 2. Prooessmg system 40 is iUustiatod as including a base 44 and a 
holder assembly 42 having one or more holders 58, As presently embodied, holder assembly 42 
has four holders 58, which are structured to hold containers 12A. 12B, 12C and 12D of device 
10. Base 44 of processing system 40 is iUustrated as indudmg a j&ontsurfiioe 46. Located on 
fiont surfiice 46 are a plurality of fittings 48 spaced apart ftom one another with a mixmg 
element 50 disposed between fittings 48. Fittings 48 are structured to retain tissue collection 
contamer 16 of device 10. A pathway 52 is defined between fittings 48 sudi that mixing element 
50 can move along pafliway 52 to mix flie contents within tissue ooUection container 16. In the 
ilhistiated embodunent, mixmg element 50 is a roUer bar that moves up and down along pathway 
52 and oompr«Bes a region of tissue coUection container 16 as it moves. Hiis movement and 
compression of tissue coUection container 16 causes agitation or rnixiAg of the contents in tissue 
ooUection container 16. Tiibing 14 of device 10 is placed in processing system 40 so that the 
flow of fluid through tubing 14 can be controlled by pump 54 and valves 56. Alfliough the 
iUustrated system is shown with four valves 56 and one pump 54, more or fewer valves or pumps 
may be provided, as discussed above. For example, four pumps 54 may be provided for each of 
the four containers 12A, 128, 12C and 12D. Similariy, more or less fittings 48 may be provide 
to retain tissue collection container 1 6 on base 44. 
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As indicated above, in certain ranbodimoits of Ae inventi<ni, Hbs methods may be 
automated by providing one or more additionid devices tiiat can automaticaUy perfinm the steps 
of die mettiods. In such embodiments, a processing device (eg., microprocessor or personal 
oomputer) is a device to partially or completely automate the steps described above. Examples 
of steps amenable to such automation include, but are not limited to, controlling the ingress and 
caress of fluids and tissues along particular tubing paths by controlling pumps and valves of the 
system or processing device; detecting blockages with pressure sensors; mixing medianisms, 
measuring the amount of tissue and/or fluid to be moved along a particular pathway using 
volumetric mechanisms; maintaining temperatures of the various components using heat control 
devices; washing flie coU<»gen-ridi material, and integrating the process with timing and software 
medianisms. In one embodiment, software can control the parameters of the process to allow 
production of a ooUagen-rich material prepared to specific operator-defined parameters. Thus, 
the automation device or devices improve the performance of the procedures, and provide 
automatic harvesting of adipose tissue and processing of the adipose tissue for administration to 
apatient 

Adipose tissue may be collected into flie tissue coUeding container while die containor is 
in position within die device or prior to placanoit within the device. 

In a further embodiment, software incorporated into pet controller would prompt users 
dirough the steps necessary for proper insertion of tubing and other elements into the device. 
Software would also initiate automated testing to confirm correct insertion of tubing, absence of 
blodcages, etc. 

Hie general aiq>toadi to processing in diis device would use the same parameters as those 
des(^bed elsewhoe in this disclosure for manual tissue processing. 

Many other conformations of the staged medumisms used fi>r tissue processing will be 
apparent to one skilled in the art and the present description is included as one example only. 
For example, mixing of tissue and saline during washing and solubilization may occur by 
agitation as in the present example or by fluid recirculation. Tissue washing may be mediated by 



-23- 



WO03/0S3362 



PCT/US02/40921 



a moving bar m«yh«pism shown here, or by roddng or other me ch ani sm . Medianisms 

for perfomiance of sucb functions may be integrated within ttie device shoivn in Figu» 2 or may 
be incorporated in sqiarate devices. . 

hi a prefened ranbodiment of the tavention. the tissue ronoval systcan and processing set 
is piesoit in the vidnity of the patient leodving the treatmoit, sudi as flie operating room or out- 
patioit procedure room (effectively at the patient's bedside), this allows rapid, effident tissue 
harvest and pix>oessing, reduces the opportunity for specimoi handling/labeling errors, and 
fhei^y allows for performance of the entire process in the course of a smgile surgical procedure. 
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course, it is to be understood diat not necessarily aU such aspects, advantages or features will be 
onbodiedin anypaiticularenibodimentof diepresoituivaition. Additional advantages and 
aspects of the present hivention are apparent hi the following detailed description and claims. 

The above-described embodimoits have beoi provided by way of example, and ttie 
present invention is not limited to tiiese examples. Multiple variations and modification to the 
disclosed embodiments will occur, to the extent not mutuaUy exclusive, to those skiUed in the art 
upon consideration of the foregoing description. Additionally, other conabmations. omissions, 
substitutions and modifications will be apparent to the skiUed artisan in view of flie disclosure 
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hoeiiL Accordingly, die presmt invoitioii is not intmded to be limited by the disclosed 
embodimeats, but is to be defined by refoence to the appended daims. 

A number of publications and patents have been dted heidn. Eadi of the cited 
publications and patents are hessAy incorporated by refermce in Aeir mtireties. 



-28- 



WO03/0S3362 



PCT/US02/40921 



What is daimed is: 

1. A piooess for preparing a ooUagoi-iiGh material for administration to a patimt, 
oomprisii^: 

(a) lemovii^ adipose tissue fifom a patientp the adipiose tissue including cellular, lipid 
and coilagoi components; and 

(b) sepaniting the collagm present in Ae adipose tissue fixmiAe cellular a^ 
components of tfie adipose tissue to form a collagm-rich matmal suitable for immediate 
administration to the patient from which die adipose tissue was removed. 

2. The process as set forth in claim 1 , wherein the collagen-rich material comprises less foan 
about 4 percent cells and cell fragments. 

3. The process as set forth in claim 2» wherein the coUagen-rich material is substantially free 
of cells and cell fragments. 

4. The process as s^ forth in claim 3, wherein the coUagen-rich material comprises less than 
about 0. 1 p^cCTt cells and cdl fragments. 

5. The process as set forth in claim 1 , wherein a percratage of reticular cellular components 
in the collagen-rich material, relative to a total amount of cellular components in tiie coUagoi- 
ridi material, is less than or equal to a pmsentage of reticular cellular componmts in the 
temoved adipose tissue^ relative to a total amount of cellular components presmt in the rmioved 
adipose tissue. 

6. The process as set forth in claim 1 , wherein the ooUagra-ridi material is neither dried nor 
preserved. 

7. The process as set fortii in claim 6, wfaorein foe coUagoi-ridi material is substantially free 
of cdls and cell fiagmmts. 
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8. The process as srt forth in claun 1. and further comprising administrating the collage- 
rich matmal into the patirat fiom whidi the adipose tissue was removed. 

9. The process as set forth in claim 8. wherein ttie ooUagoi-rich material is substantially free 
of cells and cell fiagmmts. 

10. TheprocKsassetforfliindaunl,wherein(b)oon5irisesoneor 
solubilizii^ the odlular and lipid components of flie adipose tissue with at least one 
solubilization liquid. 

11. Hie process as set foitfi in claim 10, wherein (b) comprises mixing the adipose tissue 
with a solubilization liquid selected from tfie group consisting of stwile water, a solution having 
a det^gent, and aloohoL 

12. The process as set forth in claim 1 1 , whorein (b) comprises separate steps of: 

(i) mixing the adipose tissue with sterile water, 

(ii) mixing the adipose tissue with a solution having a detergent; and 

(iii) mixing the adipose tissue witii alcohol. 

13. The process as set forth in claim 1 , and further comprismg suqiending the collagen-rich 
material in an isotonic solution before administmng the collag«ai-ridi material to the patient. 

14. The process as set fortii in claim 1 , and further comprising one or more steps of 
dissociating ttie coUagen-ridi matoial to form a finar suspoision of collagen-rich material than 
before dissociating. 

15. A conipositioncomprisipg a coUagen-richimaterial prepared by the process© I. 

16. A composition comprising a coUagen-rich material prepared by the process of claim 3. 
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17. A oompositioii comprising a collage-rich material prepared by the process of claim 10, 

18. A composition comprising a collage-rich material prepared by the process of claim 12. 

1 9. A process for prqiaring a collagen-rich matmal for administration to a patiet, 
comprising: 

(a) removing adipose tissue fiom a patient, the adipose tissue having a protdn 
componmt and a non-protein component; and 

(b) solubilizingaenon-protdn component of die adipo^ 

solubilizing liquid to obtam a ooUage-ricfa material suitable for administration to a patimt 

20. The process as set fortfi in claim 1 9, wherein substantially all of the non-protein 
component is solubilized 

21. The process as set forth in claim 19, wherein the liquid comprises at least one of sterile 
water, detergent and alcohol. 

22. The process as set forth in claun 19, wherein the liquid is not an isotonic solution. 

23. The process as set fortii in claun 19, wherein collagen-rich matwial is substantially free 
of cells and cell fragments. 

24. The process as set forth in claim 19, wherein a parentage of reticular cellular 
components in the collar-rich material, relative to a total amount of ceUular components in the 
coUagen-rich material, is less than or equal to a percentage of reticular cellular components in tfie 
removed adipose tissue, relative to a total amount of cellular oomponmts presmt in the removed 
adipose tissue. 

25. The process as set foilh in claim 19, whadnCb) comprises sqiaratcst^^ 

(i) mixing the adipose tissue witiistorile water, 

(ii) mixing the adipose tissue witti a solution having a det^ent; and 
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(iii) inixing the adipose tissue wifli alcohol. 

26. The process as set forth in claim 25, and further comprising suspending the ooUagen-rich 
matmal in an isotonic solution before administering the collagw-ridi material to ttie patimt 

27. The process as set forth in daim 19, and fiirdier comprising one or more 8tq[>s of 
dissociating the ooUagen-rich material to form a finer suspension of collagen-rich material tfian 
t>efore dissodating. 

28. A composition comprising a ooUagm-rich material prq»ared by tibe process of daim 19. 

29. A composition comprisii^ a ooUagm-ridi material prepared by the process of claim 20. 

30. A composition comprisii^ a coUagm-rich material prepared by foe process of daim 24. 

31. A device for processing adipose tissue obtained from a patient to obtain a collagen-rich 
material suitable for administration to a patient, comprising: 

a tissue collection container structured to hold adipose tissue removed from a patient; 
at least one solubilization liquid container; and 

tubing connecting the at least one solubilization liquid container to the tissue collection 
container so that a solubilization liquid contained in the at least one solubilization liquid 
container can pass therefrom to the tissue collection container to be mixed with adipose tissue 
contained in the tissue collection container to form one or more solubilized componmts; 

wheidn foe tissue collection container comprises a filter having a plurality of pores 
dimensioned to retain collagen ridi material and to pass solubilized components of adipose 
tissue. 

32. The device as set forfo in daim 31, wherein pores of foe plurality of pores have opraing 
sizes betwem 20 microns and S mm. 

33 The device as set forth in daim 31, wherem foe tissue coUection container comprises: 
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a flexible body; . 

an adipose tissue inl^ port; 

a isolubilization liquid isldt port; and 

a collagen-rich material outlet port. 

34. Hie device as set foitii in claim 3 1 , wherein die at least one solubilization liquid container 
comprises a plurality of solubilization liquid oontainm. 

35. The device as set fottii in claim 34, wherein the at least one solubilization liquid container 
comprises four solubilization liquid containers, each container containing a diflGo-oit 
solubilization liquid. 

36. The device as srt forth in claim 35, whoiein the device defines a closed system for 
processing the adipose tissue, the tubing comprising valves and the valves providing 
bidirectional flow between the tissue collection container and the four solubilization liquid 
containers. 

37. The device as set forth in claim 34, wherein: 

the device defines a closed system for processing the adipose tissue, and 
the device forther comprises a plurality of flow control devices positioned between the 
tissue collection container and the plurality of solubilization liquid containers to control the flow 
of fluid between the tissue collection container and the plurality of solubilization liquid 
containers. 

38. The device as set forth in claim 37, wherein the flow control devices include at least one 
of a valve and a clamp. 

39. The device as set forth in claim 31, who-ein Ae componrats of the device are 
manufactured to be disposed of after a single use. 
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40. An automated syst^ for piopessing adipose tissue obtained fix>m a patirat to obtain a 
coUagen-ridi mat^al using the device of daim 31. oomprisii^g: 

a base induding at least one fitting to hold (he tissue collection contains, v^ch is 
structured to hold adipose tissue ranoved fiom a patient 

a holder positioned witti respect to the base to hold the at least one solubilization liquid 
container, which is coupled to thie tissue collection container by tibe tubing 

an agitation element positioned to automatically a^tate contents within the tissue 
collection container, and 

a computer configured to selectively control the processing of adipose tissue within the 
tissue collection container to obtain a collage-rich matmal suitable fiyr administration to a 
patimt 

41. The system as set forth in claim 40, and fiutiier comprising a pump disposed on the base 
in a position to pump a solubilization liquid firom the at least one solubilization liquid container 
to the tissue collection contains. 

42. The system as set forth in claim 40, and further comprising at least one flow control 
device to control the flow of a solubilization liquid fiom the at least one solubilizjation Uquid 
container. 

43. The syst^ as set forth in claim 42, wherein the at least one flow control device 
comprises a plurality of valves controlled by the compute. 

44. The system as set forth in claim 40, wh^ein the agitation element comprises a roller bar 
moveable along the tissue collection container to agitate contents in the tissue collection 
container. 
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